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embodiments, the injection of the hardenable fluidic sealing material 775 may be omitted 
In several alteniative embodiments, the hardenable fluidic sealing material 775 is 
compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 7e, a non-hardenable fluidic material 780 may then be 
5 injected into the apparatus through the passages 710 and 720. A ball ping 785, or other 
similar device, may then he injected with the fluidio material 780 to thereby seal off the 
passage 745. In this manner, the region 750 may be pressurized by the continued injection 
of the fluidic material 780 into the apparatus 700. 

As illustrated in Figs. 7f and 7g, the continued injection of the fluidic material 780 
10 into the apparatus 700 causes the expansion cone launcher 735 and expandable tubular 
member 755 to be plastically deformed and radially expanded off of the expansion cone 
715. The resulting structure includes a lip 790. 

After completing the plastic deformation and radial expansion of the tubular 
member 755, the hardenable fluidic sealing material is allowed to cure to thereby form an 
15 annular body 795 that provides a barrier to fluid flow into or out of the wellbore 10. 

Referring to Fig. 7h, the shoe 740 may then removed by drilling but the shoe using 
a conventional drilling device. A new section of the wellbore 1 0 may also be drilled out in 
order to permit additional expandable tubular members to be coupled to the bottom portion 
of the plastically deformed and radially expanded tubular member 755. 
20 Referring to Fig. 7i, an additional tubular member 800 may then be plastically 

deformed and radially expanded in a conventional manner and/or by using one or more of 
the methods and apparatus described above in order to form a mono-diameter wellbore 
casing. Before, during or after the radial expansion of the tubular member 800, an annular 
body 805 of a fluidic sealing material maybe formed around the tubular member in a 
25 conventional manner and/or by using one or more of the methods and apparatus described 
above. In a preferred embodiment, the lip 790 facilitates the coupling of the tubular 
member 800 to the tubular member 755 by providing a region on which the tubular 
member 800 may be easily coupled onto. 

Referring to Fig. 8a, in an alternative embodiment, a wellbore 10 includes a 
30 preexisting section of wellbore casing 1 5 and 900. The wellbore casing 900 includes 
sealing members 905a and 905b and a recess 910. An annular body 9 1 5 of a fluidio 
sealing material may also be provided around the casing 900. The casing 900 and annular 
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passage 1010, The locking device 1015 farther includes inlet passages, 1020a and 1020b, 
actuating chambers, 1025a and 1025b, and locking members, 1030a and 1030b. During 
operation, the injection of fluidic materials into the actuating chambers, 1025a and 1025b, 
causes the locking members, 1030a and 1030b, to be displaced outwardly in the radial 
5 direction. In this manner, the locking device 1015 may be controllably coupled to a 
tubular member to thereby maintain the tubular member in a substantially stationary 
position. As will be recogmzed by persons having ordinary skill in the art, the operating 
pressures and physical shape of the inlet passages 1020, actuating chambers 1025, and 
locking members 1030 will determine the maximum amount of holding force provided by 
10 the locking device 1015. m several alternative embodiments, fluidic materials may be 
injected into the locking device 1015 using a dedicated fluid passage in order to provide 
precise control of the locking device. In several alternative embodiments, the locking 
device 1015 maybe omitted and the tubular support member 1 005 coupled directly to the 
tabular support member 1035. 

15 One end of a tubular support member 1035 that defines a passage 1040 is coupled 

to the locking device 1015. The passage 1040 is fluidioly coupled to the passage 1020. 
An expansion cone 1045 that defines a passage 1050 and includes an outer conical surface 
1055 is coupled to another end of the tubular support member 1035. An expansion cone 
launcher 1 060 is movabry coupled to and supported by the expansion cone 1045. The 

20 expansion cone launcher 1 060 includes an upper portion 1060a having an upper outside 
diameter, an intermediate portion 1060b that mates with the expansion cone 1045, and a 
lower portion 1060c having a lower outside diameter. The lower outside diameter is 
greater than the upper outside diameter. 

A shoe 1065 that defines a valveable passage 1070 is coupled to the tower portion 

25 1060c of the expansion cone launcher 1060. In this manner, a region 1075 below the 

expansion cone 104S and bounded by the expansion cone launcher 1060 and the shoe 1065 
maybe pressurized and fluidicly isolated from the annular region between the apparatus 
1000 and the wellbore 10. 

An expandable tubular member 1 080 is coupled to the upper portion of the 

30 expansion cone launcher 1060. m several alternative embodiments, one or more sealing 
members are coupled to the exterior of the upper portion of the expandable tubular 
member 1080. En several alternative embodiments, the sealing members may include 
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be pressurized Id this manner, the tubular member 1 080 may be held in a substantially 
stationary position by the locking device 1015. 

As illustrated in Fig. 8£ the expansion cone 1085 may then be actuated in the 
downward direction by a direct application of axial mice using the support member 1 100 
5 and/or through the application of fluid force. The axial displacement of the expansion 
cone 1 085 may plastically deform and radially expand the upper portion of the expandable 
tubular member 1080. In (his manner, the upper portion of the expandable tubular 
member 1080 may be precisely coupled to the recess 910 of the preexisting casing 900. 
During the downward actuation of the expansion cone 1085, the locking member 
10 1015 preferably prevents axial displacement of the tubular member 1080. m a preferred 
embodiment, the locking member 1015 is positioned proximate the upper portion of the 
tubular member 1080 in order to prevent buckling of the tubular member 1080 during the 
radial expansion of the upper portion of the tubular member, hi an alternative 
embodiment, the locking member 1015 is omitted and the interference between the 
1 5 intermediate portion- 1060b of the expansion cone launcher 1060 and the expansion cone 
1045 prevents the axial displacement of the tubular member 1080 during the radial 
expansion of the upper portion of the tubular member. 

As illustrated in Fig. 8g, the expansion cone 1085 and 1 100 may then be raised out 
ofmewellborelO. 

20 As illustrated in Fig. 8h, the continued injection of the fluidic material 1125 into 

the apparatus 1000 may then cause the expansion cone launcher 1060 and the expandable 
tubular member 1080 to be plastically deformed and radially expanded off of the 
expansion cone 1045. Jn this manner, the expansion cone 1045 is displaced relative to the 
expansion cone launcher 1060 and expandable tubular member 1 080 in the axial direction. 

25 hi a preferred embodiment, the axial forces created (hiring the radial expansion process are 
greater than the axial forces generated by tho locking device 1015. As will be recognized 
by persons having ordinary skill in the art, the precise relationship between these axial 
forces will vary as a function of the operating characteristics of the locking device 1015 
and the metallurgical properties of the expansion cone launcher 1060 and expandable 

30 tubular 1080. In an alternative embodiment, tho operating pressures of the actuating 

chambers, 1025a and 1025b, and the region 1075 are separately controllable by providing 
separate and dedicated fluid passages for pressurizing each. 
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As illustrated in Fig. 8i, after completing the plastic deformation and radial 
expansion of the tubular member 1080, (he hardenable fluidic sealing material is allowed 
to core to thereby form an annular body 1 1 30 that provides a barrier to fluid flow into or 
out of the wellboro 10. The shoe 1065 may then removed by drilling out the shoe using a 
5 conventional drilling device, A hew section of the wellboro 10 may also be drilled out in 
order to permit additional expandable tubular members to be coupled to the bottom portion 
of the plastically deformed and radially expanded tubular member 1 080. 

In an alternative embodiment, the annular body 1 130 may be omitted. Id several 
alternative embodiments, the annular body 1 130 may be radially compressed before, 
10 during and/or after curing. 

Referring to Fig. 8j, the tubular member 1080 may be radially expanded again 
using one or more of the methods described above to provide an mono-diameter weEbore 
casing. 

Referring to Fig. 9a, a wellbore 1200 includes an upper preexisting casing 1205 
15 and a lower preexisting casing 1210. The casings, 1205 and 1210, may further include 

outer annular layers of fluidic sealing materials such as, for example, cement The ends of 

the casings, 1205 and 1210, are separated by a gap 1215. 

Referring to Fig. 9b, a tubular member 1220 may then be coupled to the opposing 

ends of the casings, 1205 and 1210, to thereby bridge the gap 1215. In apreferred 
20 embodiment, the tubular member 1220 is coupled to the opposing ends of the casings, 

1205 and 1210, by plastically deforming and radially expanding the tubular member 1220 

using one or more of the methods and apparatus described and referenced above. 

Referring to Fig. 9c, a radial expansion device 1225 may then be positioned within 

the tubular member 1220. In a preferred embodiment, the length of the radial expansion 
25 device 1225 is greater than or equal to the axial length of the tubular member 1220. In 

several alternative embodiments, the radial expansion device 1225 may be any number of 

conventional radial expansion devices such as, for example, expansion cones actuated by 

hydraulic and/or direct axial force, roller expansion devices, and/or expandable hydraulic 

bladders. 

30 Referring to Figs. 9d and 9c, after actuation and subsequent dc-actuation and 

removal of the radial expansion device 1225, the inside diameters of the casings, 1205 and 
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1210, arc substantially equal to the inside diameter oftho tubular member 1220. In this 
manner, a mono-diameter wcllbore casing may be formed. 

Referring to Pig. 10, a wetlbore 1300 includes an outer tubular member 1305 and 
an inner tubular member 1310. In a preferred embodiment, the tubular members, 1305 and 
5 1310, are plastically deformed and radially expanded using one or more of me methods 
and apparatus described and referenced above. In mis manner, a wcllbore casing maybe 
provided whose burst and collapse strength may be precisely controlled by varying the 
number, thickness, and/or material properties of the tubular members, 1305 and 13 10. 
Referring to Fig. 1 1 a, a weUbore 1400 includes a casing 1405 that is coupled to a 
10 preexisting casing 1410. In a preferred embodiment, one or more sealing members 1415 
are coupled to the exterior of the upper portion of the tubular member 1405 in order to 
optimally seal the interface between the tubular member 1 405 and the preexisting casing 
1410. In a preferred embodiment, the tubular member 1405 is plastically deformed and 
radially expanded using conventional methods and/or one or more of the methods and 
1 5 apparatus described and referenced above. In an exemplary embodiment, (he outside 
diameter of the tubular member 1405 prior to the radial expansion process is OD^ the wall 
thickness of the tubular member 1405 prior to the radial expansion process is t©, the 
ontside diameter of the tubular member following the radial expansion process is OD |f and 
the wall thickness of the tubular member following the radial expansion process is t,. 
20 Referring to Fig. 1 lb, a tubular member 1420 may men be coupled to the lower 

portion of foe tubular member 1 405 by plastically deforming and radially expanding the 
tubular member 1420 using conventional methods and/or one or more of the methods and 
apparatus described and referenced above. In a preferred embodiment, the exterior surface 
of the upper portion of the tubular member 1420 includes one or more sealing members for 
25 sealing the interface between the tubular member 1420 and the tubular member 1405. 

Referring to Fig. 1 Ic, lower portion of the tubular member 1405 and the tubular 
member 1420 maybe radially expanded again to provide a mono-diameter weUbore 
casing. The additional radial expansion may be provided using conventional methods 
and/or one or more of the methods and apparatus described and referenced above. In an 
30 exemplary embodiment, foe outside diameter and wall thickness oftho lower portion of 
the tubular member 1 405 after the additional radial expansion process are OD 2 and t,. 
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The radial expansion process of Figs. 1 lb-1 lc can then be repeated to provide a 
mono-diameter wellbore casing of virtually unlimited length. 

In several alternative embodiments, the ordering of the radial expansions of (he 
tubular members, 1405 and 1420, may be changed. For example, the first tubular member 
5 1405 may bo plastically deformed and radially expanded to provide a lower portion having 
the outside diameter OD, and the remaining portion having the outside diameter OJ> v The 
tubular member 1420 may men be plastically deformed and radially expanded one or more 
times until the inside diameters of the tubular members, 1405 and 1420, are substantially 
equal. The plastic deformations and radial expansions of the tubular members, 1405 and 
1 0 1420, may be provided using conventional methods and/or one or more of the methods and 
apparatus described and referenced above. 

In an exemplary embodiment, the total expansion strain E of the tubular member 
1405 may be expressed by die following equation: 

E^^-OD^/OD, (1) 

15 where OD 0 » original outside diameter; 

OD, = outside diameter after 1* radial expansion; and 
ODj = outside diameter after 2* radial expansion. 
Furthermore, in an exemplary embodiment, where: (1) the exterior surface of the 
upper portion of (he tubular member 1420 includes sealing members, and (2) the radial 
20 spacing between the tubular member 1405 and the wellbore 1400 prior to the first radial 
expansion is equal to d, the outside diameters, OD, and OD^ of the tubular member 1405 
following the first and second radial expansions may be expressed as: 

OL\ = ODs + 2d+2t x (2) 
aA=QDi + 2 ^+2/ a (3) 

where OD 0 - the original outside diameter of the tubular member 1405; 
25 ODi » the outside diameter of the tubular member 1405 

following the first radial expansion; 
ODj - the outside diameter of the tubular member 1405 

following the second radial expansion; 
d » the radial spacing between the tubular member 1405 
30 and the wellbore prior to the first radial expansion; 
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t] " the wall thickness of the tubular member 1405 after 

the first radial expansion; 
tj = the wall thickness of the tubular member 1405 after 
the second radial expansion; and 
5 R *■ the thickness of sealing member provided on the 

exterior surface of the tubular member 1420. 
Furthermore, in an exemplary embodiment, for d approximately equal to 0-25 
inches and R approximately equal to 0.1 inches, equation (1) can be approximated as: 

£=(0.7"+3.7/ o )/aD 0 ( 4 ) 

10 where t, - the original wall thickness of the tubular member 

1405. 

In an exemplary embodiment, the total expansion strain of the tubular member 
1405 should be less than or equal to 0.3 in order to maximize the burst and collapse 
strength of the expandable tubular member. Therefore, from equation (4) the ratio of the 
15 original outside diameter to the original wall thickness (OD</^) may be expressed as: 

OD 0 /t 0 >3£/(03-0.7/OD^ (5) 

Thus, in a preferred embodiment, for OD 0 less than 1 0 inches, the optimal ratio of 
the original outside diameter to the original waflthictoess CODo/to) may be expressed as: 

OD 0 /t 0 l 16 (6) 

20 m this manner, for typical tubular members, the burst and collapse strength of the 

tubular members following one or more radial expansions are maximized when the 
relationship in equation (6) is satisfied. Furthermore, the relationships expressed in 
equations (1) through (6) are valid regardless of the order or type of the radial expansions 
of die tubular member 1405. More generally, the relationships expressed in equations (1) 

25 through (6) may be applied to die radial expansion of structures having a wide range of 
profiles such as, for example, triangular, rectangular, and oval. 

An apparatus for plastically deforming and radially expanding a tubular member 
has been described that includes means for plastically deforming and radially expanding a 
first portion of the tubular member to a first outside diameter, and means for plastically 

30 deforming and radially expanding a second portion of (he tubular member to a second 
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outside diameter. In a preferred embodiment, the first outside diameter is greater than the 
second outside diameter. Id a preferred embodiment, the means for plastically deforming 
and radially expanding tho first portion of the tubular member to the first outside diameter 
is removable. In a preferred embodiment, the means for plastically aefbtming and radially 
5 expanding tho first portion of the tubular member to the first outside diameter is frangible. 
In a prefe rr e d embodiment, the means for plastically deforming and radially expanding the 
first portion of the tubular member to the first outside diameter is clastic. In a preferred 
embodiment, the means for plastically deforming and radially expanding the first portion 
of the tabular member to the first outside diameter includes means for applying a radial 
10 force to the first portion of the tubular member. In a preferred embodiment, the means for 
plastically fofonroing and radially expanding tho first portion of the tubular member to the 
first outside diameter is inflatable, m a preferred embodiment, the means for plastically 
deforming and radially expanding the first portion of the tubular member to the first 
outside diameter includes rolling means for applying radial pressure to the first portion of 

15 the tubular member. 

An apparatus for plastically deforming and radially expanding a tubular member 
has also been described that includes a tubular support member including a first fluid 
passage, an expansion cone coupled to tho tabular support member having a second fluid 
passage fhridicly coupled to the first fluid passage and an outer conical surface, a 

20 removable annular conical sleeve coupled to the outer conical surface of the expansion 
cone, an annular expansion cone launcher coupled to the conical sleeve and a lower 
portion of tho tubular member, and a shoe having a valveable passage coupled to an end of 
the expansion cone launcher. In a preferred embodiment, the conical sleeve is frangible, 
ha a preferred embodiment, the conical sleeve is elastic, m a preferred embodiment, the 

25 conical sleeve includes a plurality of arcuate elements. 

A method of plastically deforming and radially expanding a tubular member has 
also been described that includes plastically deforming and radially expanding a portion of 
the tubular member to a first outside diameter, and plastically deforming and radially 
expanding another portion of the tubular member to a second outside diameter. In a 

30 preferred embodiment, the first diameter is greater than the second diameter. In a 
preferred embodiment, plastically deforming and radially expanding tho portion of the 
tubular member includes applying a radial force to the portion of the tubular member using 



-46- 



WO 02/29199 PC1YUS01730256 
a conical sleeve. In a preferred embodiment, conical sleeve is frangible. In a preferred 
embodiment, the conical sleeve is elastic. In a preferred embodiment, the conical sleeve 
includes a plurality of arcuate elements. In a preferred embodiment, plastically deforming 
and radially expanding the portion of the tubular member includes applying a radial force 
5 to the portion of the tubular member using an inflatable bladder. In a preferred 
embodiment, plastically deforming and radially expanding the portion of the tubular 
member includes applying a radial force to the portion of the tubular member using a roller 
expansion device. 

A method of coupling a first tubular member to a second tubular member has also 

1 0 been described that includes plastically deforming and radially expanding a first portion of 
the first tubular member to a first outside diameter, plastically deforming and radially 
expanding another portion of the first tubular member to a second outside diameter, 
positioning the second tubular member inside the first tubular member in overlapping 
relation to the first portion of die first tubular member, plastically deforming and radially 

1 5 expanding the second tubular member to a third outside diameter, and plastically 

deforming and radially expanding the second tubular member to a fourth outside diameter. 
The inside diameters of the first and second tubular members after the plastic deformations 
and radial expansions are substantially equal. In a preferred embodiment, the first outside 
diameter ia greater than the second outside diameter. In a preferred embodiment, 

20 plastically deforming and radially expanding the first portion of the first tubular member 
includes applying a radial force to the portion of the tubular member using a conical 
sleeve. In a preferred embodiment, the conical sleeve is frangible. In a preferred 
embodiment, the conical sleeve is elastic. In a preferred embodiment, the conical sleeve 
includes a plurality of arcuate elements. In a preferred embodiment, plastically deforming 

25 and radially expanding the first portion of the first tubular member includes applying a 
radial force to the first portion of the first tubular member using an inflatable bladder. In a 
preferred embodiment, plastically deforming and radially expanding the first portion of die 
first tubular member includes applying a radial force to the first portion of the first tubular 
member using a roller expansion device. 

30 An apparatus for coupling a first tubular member to a second tubular member has 

also been described that includes means for plastically deforming and radially expanding a 
first portion of the first tubular member to a first outside diameter, means for plastically 
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deforming and radially expanding another portion of the first tubular member to a second 
outside diameter, means for positioning the second tubular member inside the first tubular 
member in overlapping relation to the first portion of the first tubular member, means for 
plastically deforming and radially expanding the second tubular member to a third outside 
5 diameter, and means for plastically deforming and radially expanding the second tubular 
member to a fourth outside diameter. The inside diameters of the first and second tabular 
members after the plastic deformations and radial expansions are substantially equal. In a 
preferred embodiment, the first outside diameter is greater than the second outside 
diameter, m a preferred embodiment, the means for plastically deforming and radially 

10 expanding the first portion of the first tabular member includes means for applying a radial 
force to the portion of the tubular member using a conical sleeve. In a preferred 
embodiment, the conical sleeve is frangible. In a preferred embodiment, the conical sleeve 
is elastic In a preferred embodiment, the corneal sleeve includes a plurality of arcuate 
elements. In a preferred embodiment, the means for plastically deforming and radially 

IS expanding the first portion of the first tubular member includes means for applying a radial 
force to the first portion of the first tubular member using an inflatable bladder. In a 
preferred embodiment; the means for plastically deforming and radially expanding the first 
portion of the first tubular member includes means for applying a radial force to the first 
portion of the first tubular member using a roller expansion device. 

20 An apparatus for forming a wellbore casing within a wellborn has also been 

described that includes means for supporting a tubular member within the wellbore, means 
for plastically deforming and radially expanding a first portion of the tubular member to a 
first outside diameter, and means for plastically deforming and radially expanding a 
second portion of the tubular member to a second outside diameter. In a preferred 

25 embodiment, the first outside diameter is greater than the second outside diameter, ma 
preferred embodiment, the means for plastically deforming and radially expanding the first 
portion of the tubular member to the first outside diameter is removable, m a preferred 
embodiment, the means for plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter is frangible, ma preferred 

30 embodiment, the means for plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter is elastic, m a preferred embodiment, 
the means for plastically deforming and radially expanding the first portion of the tubular 



-48- 



WO 0*29199 PeiYUSOl/3023* 
member to the first outside diameter includes means for applying a radial force to the first 
portion of the tubular member. In a preferred embodiment, the means for plastically 
deforming and radially expanding the first portion of the tubular member to the first 
outside diameter is inflatable, m a preferred embodiment, the means for plastically 
5 deforming and radially expanding the first portion of the tubular member to the first 
outside diameter includes rolling means for applying radial pressure to the first portion of 
the tubular member, hi a preferred embodiment, foe apparatus further includes means for 
forming an annular body of a fluidic sealing material within an annul us between foe 
tubular member and the wellbore. 
10 An apparatus for forming a wellbore casing within a wellbore has also been 

described that includes a tubular support member including a first fluid passage, an 
expansion cone coupled to the tubular support member having a second fluid passage 
fluidicly coupled to the first fluid passage and an outer conical surface, a removable 
annular conical sleeve coupled to the outer conical surface of foe expansion cone, an 
1 5 annular expansion cone launcher coupled to the conical sleeve and a lower portion of the 
. tubular member, and a shoe having a valveable passage coupled to an end of the expansion 
cone launcher, hi a preferred embodiment, the conical sleeve is frangible, hi a preferred 
embodiment, the corneal sleeve is elastic. In a preferred embodiment, the conical sleeve 
includes a plurality of arcuate elements. 
20 A method of forming a wellbore casing within a wellbore has also been described 

that includes supporting a tubular member within a wellbore, plastically deforming and 
radially expanding a portion of the tubular member to a first outside diameter, and 
plastically deforming and radially expanding another portion of the tubular member to a 
second outside diameter. In a preferred embodiment, the first diameter is greater than the 
25 second diameter. In a preferred embodiment, plastically deforming and radially expanding 
the portion of the tubular member includes applying a radial force to the portion of foe 
tubular member using a conical sleeve. In a preferred embodiment, the conical sleeve is 
frangible, hi a preferred embodiment, the conical sleeve is elastic. In a preferred 
embodiment, the conical sleeve includes a plurality of arcuate elements. In a preferred 
30 embodiment, plastically deforming and radially expanding the portion of the tubular 
member includes applying a radial force to foe portion of the tubular member using an 
inflatable bladder. In a preferred embodiment, plastically deforming and radially 
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expanding the portion of the tubular member includes applying a radial force to the portion 
of the tubular member using a roller expansion device. In a preferred embodiment, the 
method farther includes injecting an annular body of a hardenable fluidic sealing material 
into an annulus between the tubular member and the wellbore. In a preferred ernbodirnent, 
5 the method further includes curing the annular body of hardenable fluidic sealing material. 
A method of forming a mono-diameter wellbore casing within a wellbore has also 
been described that includes supporting a first tubular member within the wellbore, 
plastically deforming and radially expanding a first portion of the first tubular member to a 
first outside diameter, plastically deforming and radially expanding another portion of the 

10 first tubular member to a second outside diameter, positioning the second tubular memb er 
inside the first tubular member in overlapping relation to the first portion of the first 
tubular member, plastically deforming and radially expanding the second tubular member 
to a third outside diameter, and plastically deforming and radially expanding the second 
tubular member to a fourth outside diameter. The inside diameters of the first and second 

1 5 tubular members after the plastic deformations and radial expansions are substantially 
equal In a preferred embodiment; the first outside diameter is greater than the second 
outside diameter. In a preferred embodiment, plastically deforming and radially expanding 
the first portion of the first tubular member includes applying a radial force to the portion 
of the tubular member using a conical sleeve. In a preferred embodiment, the conical 

20 sleeve is frangible, hi a preferred embodiment, the conical sleeve is elastic, hi a preferred 
embodiment, the conical sleeve includes a plurality of arcuate elements. In a preferred 
embodiment, plastically deforming and radially expanding the first portion of the first 
tubular member includes applying a radial force to the first portion of the first tubular 
member using an inflatable bladder, hi a preferred embodiment, plastically deforming and 

25 radially expanding the first portion of the first tubular member includes applying a radial 
force to the first portion of the first tubular member using a roller expansion device. In a 
preferred embodiment, the method further includes injecting an annular body of a 
hardenable fluidic sealing material into an annulus between the first tubular member and 
the wellbore In a preferred embodiment, the method further includes curing the annular 

30 body of hardenable fluidic scaling material. In a preferred embodiment, the method 

further includes injecting an annular body of a hardenable fluidic sealing material into an 
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annnhis between tho second tubular member and the wellbore. In a preferred embodiment, 
the method further includes curing the annular body ofhardenable fluidic sealing material 

An apparatus for coupling a first tubular member to a second tubular member has 
also been described mat includes means for plastically deforming and radially expanding a 
S first portion of the first tubular member to a first outside diameter, means for plastically 
deforming and radially expanding another portion of the first tubular member to a second 
outside diameter, means for positioning the second tubular member inside the first tubular 
member in overlapping relation to the first portion of the first tubular member, means for 
plastically de fo rmi n g and radially expanding the second tubular member to a third outside 
1 0 diameter, and means for plastically deforming and radially expanding the second tubular 
member to a fourth outside diameter. The inside diameters of the first and second tubular 
members after tho plastic deformations and radial expansions are substantially equal m a 
preferred embodiment, the first outside diameter is greater man the second outside 
diameter. In a preferred embodiment, the means for plastically deforming and radially 

1 5 expanding the first portion of the first tubular member includes means for applying a radial 
mice to the portion of the tubular member using a conical sleeve. m a preferred 
embodiment, the conical sleeve is frangible. In a preferred embodiment, the conical sleeve 
is elastic. In a preferred embodiment, the conical sleeve includes a plurality of arcuate 
elements. In a preferred embodiment, the means for plastically deforming and radially 

20 expanding the first portion of (he first tubular member includes means for applying a radial 
force to the first portion of the first tubular member using an inflatable bladder. In a 
preferred embodiment, the means for plastically deforming and radially expanding the first 
portion of the first tubular member includes means for applying a radial force to the first 
portion of the first tubular member using a roller expansion device. In a preferred 

25 embodiment, the apparatus further includes means for injecting an annular body of a 
harden able fluidic sealing material into an annulus between the first tubular member and 
the wellbore. In a preferred embodiment, the apparatus further includes means for curing 
the annular body ofhardenable fluidic sealing material. In a preferred embodiment, the 
apparatus further includes means for injecting an annular body of a hardenable fluidic 

30 sealing material into an annulus between the second tubular member and the wellbore. In 
a preferred embodiment, the apparatus further includes means for curing the annular body 
of hardenable fhiidic sealing material. 
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An apparatus for plastically deforming and radially expanding a tubular member 
has also been described that includes means far providing a Kppcd portion in a portion of 
the tubular member, and means for plastically deforming and radially expanding another 
portion of the tubular member. 
5 An apparatus for plastically deforming and radial ty expanding a tubular member 

has also been described that includes a tubular support member inoluding a first fluid 
passage, an expansion cone coupled to fee tubular support rnember having a second fluid 
passage fluidicly coupled to the first fluid passage and an outer conical surface, an annular 
expansion cone launcher including: a first annular portion coupled to a lower portion of 
10 the tubular member, a second annular portion coupled to the first annular portion that 
mates with the outer conical surface of the expansion cone, a third annular portion coupled 
to the second annular portion having a first outside diameter, and a fourth annular portion 
coupled to the third annular portion having a second outside diameter, wherein the second 
outside diameter is less than the first outside diameter, and a shoe having a valveable 
15 passage coupled to fourth annular portion of the expansion cone launcher. 

A method of plastically deforming and radially expanding a tubular member has 
also been described that includes providing a lipped portion in a portion of the tubular 
member, and plastically deforming and radially expanding another portion of the tubular 
member, 

20 A method of coupling a first tabular member to a second tubular member has also 

been described that includes providing a lipped portion in a portion of the first tubular 
member, plastically deforming and radially expanding another portion of the first tubular 
member, positioning the second tubular member inside the first tubular member in 
overlapping relation to the lipped portion of the first tubular member, and plastically 

25 deforming and radially expanding the second tubular member. Tne inside diameters of the 
first and second tubular members after the plastic deformations and radial expansions are 
substantially equal. 

An apparatus for coupling a first tubular member to a second tubular member has 
also been described that includes means for providing a lipped portion in the first tubular 
30 member, means for plastically deforming and radially expanding another portion of the 
first tubular member, means for positioning the second tubular member inside the first 
tubular member in overlapping relation to the lipped portion of the first tubular member, 
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and means for plastically deforming and radially expanding the second tubular member. 
The inside diameters of the first and second tubular members after the plastic deformations 
and radial expansions are substantially equal 

An apparatus for forming a wellbore casing within a wellbore has also been 
5 described that includes means for supporting a tubular member within the wellbore, means 
for providing a lipped portion in the tubular member, and means for plastically deforming 
and radially expanding another portion of the tubular member to a second outside 
diameter. 

An apparatus for forming a wellbore casing within a wellbore has also been 

10 described that includes a tubular support member including a first fluid passage, an 
expansion cone coupled to the tubular support member having a second fluid passage 
fluidicly coupled to the first fluid passage and an outer conical surface, an annular 
expansion cone launcher including: a first annular portion coupled to a lower portion of 
the tubular member, a second annular portion coupled to the first annular portion that 

1 5 mates with the outer conical surface of (he expansion cone, a third annular portion coupled 
to the second annular portion having a first outside diameter, and a fourth annular portion 
coupled to the third annular portion having a second outside diameter, wherein the second 
outside diameter is less than the first outside diameter, and a shoe having a valveable 
passage coupled to fourth annular portion of the expansion cone launcher. 

20 A method of forming a wellbore casing in a wellbore has also been described that 

includes supporting a tubular member within the wellbore, providing a lipped portion in a 
portion of the tubular member, and plastically deforming and radially expanding another 
portion of the tubular member. In a preferred embodiment, the method further includes 
injecting a hardenable fluidic sealing material in an armulus between die tubular member 

25 and the wellbore. In a preferred embodiment, the method further includes curing the 
fluidic sealing material. 

A method of forming a mono-diameter wellbore casing within a wellbore has also 
been described that includes supporting a first tubular member within the wellbore, 
providing a lipped portion in a portion of the first tubular member, plastically deforming 

30 and radially expanding another portion of the first tubular member, positioning the second 
tubular member inside tho first tubular member in overlapping relation to the lipped 
portion of the first tubular member, and plastically deforming and radially expanding the 
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second tubular member. The inside diamotcra of the first and second tubuJar members 
after the plastic deformations and radial expansions are substantially equal. In a preferred 
embodiment, the method Anther includes injecting a hardenable fluidic sealing material in 
an annulus between the first tubular member and the wellbore. In a preferred embodiment, 
5 the method further includes curing the fluidic sealing material In a preferred embodiment, 
the method further includes injecting a hardenable fluidic sealing material in an armuks 
between the second tubular member and the wellborn, b a preferred embodiment, the 
method further includes curing the fluidic sealing material. 

An apparatus for forming a mono-diameter wellbore casing within a wellborn has 
1 0 also been described mat includes means for providing a lipped portion in the first tubular 
member, means for plastically aeforming and radially expanding another portion of the 
first tubular member, means for portioning the second tubular member inside the first 
tubular member in overlapping relation to the lipped portion of the first tubular member, 
and means for plastically deforming and radially expanding the second tubular member. 
15 The inside diameters of the first and second tubular members after the plastic deformations 
and radial expansions are substantially equal In a preferred embodiment, the apparatus 
further includes means for injecting a hardenable fluidic sealing material in an annulus 
between the first tubular member and the wellbore In a preferred embodiment, the 
apparatus further includes means for curing the fluidic sealing material. In a preferred 
20 embodiment, the apparatus further includes means for injecting a hardenable fluidic 

sealing material in an annulus between the second tubular member and the wellbore. ma 
preferred embodiment, the apparatus further includes means for curing the fluidic sealing 
material. 

An apparatus for plastically deforming and radially expanding a tubular member 
25 has also been described that includes means for plastically deforming and radially 
expanding a first end of the tubular member, and means for plastically deforming and 
radially expanding a second end of the tubular member. In a preferred embodiment, the 
apparatus further includes means for anchoring the tubular member during the radial 
expansion. 

30 An apparatus for plastically deforming and radially expanding a tubular member 

has also been described that includes a tubular support member including a first passage, 
an expansion cone coupled to the tubular support having a second passage fluidicly 



WO 02/29159 PCTAJSOI/30256 

coupled to the first passage and an outer corneal surface, an annular expansion cono 
launcher movably coupled to outer conical surface of the expansion cone, an expandable 
tubular member coupled to an end of the annular expansion cone launcher, a shoe coupled 
to another end of the annular expansion cone launcher having a vaiveable fhrid passage, 
5 and another annular expansion cone movably coupled to tho tubular support member, The 
annular expansion cones are positioned in opposite orientations. In a preferred 
embodiment, the annular expansion cone is adapted to plastically deform and radially 
expand a first end of the expandable tubular member and the other annular expansion cone 
is adapted to plastically deform and radially expand a second end of the expandable 

10 tubular member, hi a preferred embodiment, the apparatus further includes an anchoring 
member coupled to the tubular support member adapted to hold the expandable tubular. 

A method of plastically deforming and radially expanding a tubular member has 
also been described that includes plastically deforming and radially expanding a first end 
of the tubular member, and plastically deforming and radially expanding a second end of 

15 the tubular member. In a preferred embodiment, the method further includes anchoring 
the tubular member during the radial expansion. In a preferred embodiment, the first end 
of the tubular member is plastically deformed and radially expanded before the second 
end. hi a preferred embodiment, plastically deforming and radially expanding the second 
end of the tubular member includes injecting a fluidic material into the tubular member. 

20 A method of coupling a first tubular member to a second tubular member has also 

been described that includes positioning the second tubular member inside the first tubular 
member in an overlapping relationship, plastically deforming and radially expanding the 
end of the second tubular member that overlaps with the first tubular member, and 
plastically deforming and radially expanding the remaining portion of the second tubular 

25 member, hi a preferred embodiment, the method further includes plastically deforming 
and radially expanding at least a portion of tho second tubular member. In a preferred 
embodiment, the inside diameters of the first and second tubular members are substantially 
equal after the radial expansions. 

An apparatus for coupling a first tubular member to a second tubular member has ^ 

30 also been described that includes means for positioning tho second tubular member inside 
the first tubular member in an overlapping relationship, means for plastically deforming 
and radially expanding die end of the second tubular member that overlaps with the first 
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tabular member, and means far plastically deforming and radially expanding the remaining 
portion of the second tubular member. In a preferred embodiment, the apparatus further 
includes means for plastically defonning and radially expanding at least a portion of the 
second tubular member, m a preferred embodiment, the inside diameters of the first and 
5 second tubular members are substantially equal after the radial expansions. 

An apparatus for fbnning a wellbore casing withm a wellbore has also been 
described that includes means for supporting a tubular member within the wellbore, means 
for plastically deforming and radially expanding a first end of the tubular member, and 
means for plastically deforming and radially expanding a second end of the tubular 

10 member* hi a preferred embodiment, the apparatus further includes means for anchoring 
the tubular member during the radial expansion, m a preferred embodiment, the apparatus 
further includes means for injecting a hardenable fluidio sealing material into an armulus 
between the tubular member and the wellbore. 

An apparatus for forming a wellbore casing within a wellbore has also been 

15 described that includes a tubular support member including a first passage, an expansion 
cone coupled to the tubular support having a second passage fluidicly coupled to the first 
passage and an outer conical surface, an annular expansion cone launcher movably 
coupled to outer conical surface of the expansion cone, an expandable tubular member 
coupled to an end of the annular expansion cone launcher, a shoe coupled to another end 

20 of the annular expansion cone launcher having a valveable fluid passage, and another 
annular expansion cone movably coupled to the tubular support member. The annular 
expansion cones are positioned in opposite orientations. In a preferred embodiment, the 
annular expansion cone is adapted to plastically deform and radially expand a first end of 
the expandable tubular member and the other annular expansion cone is adapted to 

25 plastically deform and radially expand a second end of the expandable tubular member. En 
a preferred embodiment, the apparatus further includes an anchoring member coupled to 
the tubular support member adapted to hold the expandable tubular. 

A method of forming a wellbore casing within a wellbore has also been described 
that includes plastically deforming and radially expanding a first end of the tubular 

30 member, and plastically deforming and radially expanding a second end of the tubular 
member. In a preferred embodiment, the method further includes anchoring the tubular 
member during the radial expansion, hi a preferred embodiment, the first end of the 
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tubular member is plastically deformed and radially expanded before the second end. In a 
preferred embodiment, plastically deforming and radially expanding the second end of the 
tubular member includes injecting a fiuidic material into the tubular member. In a 
preferred embodiment, the method further includes injecting a hardenable fiuidic seating 
5 material into an annufus between the tubular member and the wellbore; 

A method of forming a wellbore casing within a wellbore has also been described 
that includes plastically deforming and radially expanding a first tubular member within 
the wellbore, positioning a second tubular member inside the first tubular member in an 
overlapping relationship, plastically deforming and radially expanding the end of the 

1 0 second tubular member mat overlaps with the first tubular member, plastically deforming 
and radially expanding the remaining portion of the second tubular member. In a preferred 
embodiment, the method further includes plastically deforming and radially expanding at 
least a portion of the second tubular member. In a preferred embodiment, the inside 
diameters of the first and second tabular members are substantially equal after the radial . 

15 expansions. In a preferred embodiment, the method further includes injecting a hardenable 
fiuidic sealing material into an annulus between the first tubular member and the wellbore. 
In a preferred embodiment, the method further includes injecting a hardenable fiuidic 
sealing material into an annulus between the second tubular member and the wellbore. 
An apparatus for forming a wellbore casing within a wellbore has also been 

20 described that includes means for plastically deforcing and radially expanding a first 
tubular member within the wellbore, means for positioning the second tubular member 
inside the first tubular member in an overlapping relationship, means for plastically 
deforming and radially expanding the end of the second tubular member that overlaps with 
the first tubular member, means for plastically deforming and radially expanding the 

25 remaining portion of the second tubular member. In a preferred embodiment, the 

apparatus further includes means for plastically deforming and radially expanding at least 
a portion of the second tubular member. In a preferred embodiment, the inside diameters 
of the first and second tubular members are substantially equal after the radial expansions, 
hi a preferred embodiment, the apparatus further includes means for injecting a 

30 hardenable fiuidic sealing material into an annulus between the first tubular member and 
the wellbore. In a preferred mbodiment, the apparatus further includes means for 
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injecting a hard enable fliridic sealing material into an annulus between the second tubular 
member and the wcllbore. 

An apparatus for bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore has also been described that includes means for supporting a tubular 
5 member in overlapping relation to the opposing ends of the wellbore casings, means for 
plastically deforming and radially expanding (he tubular member, and means fox plastically 
deforming and radially expanding the tubular member and the opposing ends of the 
wellbore casings, 

A method of bridging an axial gap between opposing pairs of wellbore casing 
10 within a wellbore has also been described that includes supporting a tubular member in 
overlapping relation to the opposing ends of the wellbore casings, plastically deforming 
and radially expanding the tubular member, and 

plastically deforming and radially expanding the tubular member and the opposing ends of 
me wellbore casings. 

15 A method of forming a structure having desired strength characteristics has also 

been described that Includes providing a first tubular member, and plastically deforming 
and radially expanding additional tubular members onto the interior surface of the first 
tubular member until the desired strength characteristics are achieved. . 

A method of forming a wellbore casing within a wellbore having desired strength 

20 characteristics has also been described that includes plastically deforming and radially 
expanding a first tubular member within the wellbore, and plastically deforming and 
radially expanding additional tubular members onto the interior surface of the first tubular 
member until the desired strength characteristics are achieved. 

A method of coupling a first tubular member to a second tubular member, the first 

25 tubular member having an original outside diameter OD D and an original wall thickness 1* 
has also been described mat includes plastically deforming and radially expanding a first 
portion of the first tubular member to a first outside diameter, plastically deforming and 
radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular member in 

30 overlapping relation to the first portion of the first tubular member, plastically deforming 
and radially expanding the second tubular member to a third outside diameter, and 
plastically deforming and radially expanding die second tubular member to a fourth 
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outside diameter, wherein the inside diameters of the first and second tabular members 
after the plastic defamations and radial expansions are substantially equal* and 
wherein the ratio of the original outside diameter OD 0 of the first tubular member to the 
original wall thickness \ of the first tubular member is greater than or equal to 16. 
5 A method of forming a mono-diameter wellborc casing has also been described 

that includes positioning a first tubular member within a wellbore, the first tubular member 
having an original outside diameter OD 0 and an original wall thickness t* plastically 
deforming and radially expanding a first portion of to first tubular member to a first 
outside diameter, plastically defaming and radially expanding another portion of the first 

10 tubular member to a second outside diameter, positioning the Bccond tubular member 
inside the first tubular member in overlapping relation to the first portion of the first 
tubular member, plastically deforming and radially expanding the second tubular member 
to a third outside diameter, and plastically deforming and radially expanding the second 
tubular member to a fourth outside diameter. The inside diameters of the first and second 

15 tubular members after the plastic deformations and radial expansions are substantially 
equal, and wherein the ratio of the original outside diameter OD 0 of the first tubular 
member to the original wall thickness V of the first tubular member is greater than or equal 
to 16. 

An apparatus has also been described that includes a plastically deformed and 
20 radially expanded tubular member having a first portion having a first outside diameter 
and a remaining portion having a second outside diameter, wherein the ratio of the original 
outside diameter OD 0 of the first tubular member to the original wall thickness t> of the 
first tubular member is greater than or equal to 16. 

An apparatus has also been described that includes a plastically deformed and 
25 radially expanded first tubular member having a first portion having a first outside 
diameter and a remaining portion having a second outside diameter, and a plastically 
defamed and radially expanded second tubular member coupled to the first portion of the 
fast tubular member. The ratio of the original outside diameter OD 0 of the first tubular 
member to the original wall thickness tg of the first tubular member is greater than or equal 
30 to 16. In a preferred embodiment, the inside diameters of the first and second tubular 
members are substantially equal. 
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